INTRODUCTION
ONSmERABLE ATTENTION has been given in recent years to the deter-C mination of the mechanical properties of composite materials. Rela- tively little information is available, however, on thermal properties, although they are of interest in such practical problems as heat transfer calculations and evaluating the thermoelastic behavior of materials. The goals in determining the thermal properties of composite materials are similar to those in mechanical analyses: given the thermal properties of each of the constituents, their proportion and geometrical relationships, find the thermal behavior of the composite system.
In this paper thermal conductivities of unidirectional composites will be discussed. The 
FORMULATION OF THE PROBLEM
The problem of composite thermal conductivities of materials composed of unidirectional filaments embedded in a matrix will be considered here. In the analysis it will be assumed a. ) that the composites are macroscopically homogenous, b.) that locally both the matrix and the filament are homogenous and isotropic, c. ) that the thermal contact resistance between the filament and the matrix is negligible, d.) that the problem is two dimensional, i.e. the temperature distribution is independent of z, ( Figures 1 & 2) , and e. ) that the filaments are arranged in a rectangular periodic array ( Figure 1 ) . This Of primary importance are the composite thermal conductivities in the two principal directions, namely in the directions parallel ( kll ) and normal ( k~w ) to the filaments. Once these conductivities are known, the conductivities in other directions can be calculated using the transformation properties given by Carlslaw and Jaeger [2] . The conductivity kil may be predicted by assuming that the filaments and the matrix are connected in parallel [1] Figure 2b and described in detail in ref. [4] . Equations (2-5) become identical to the equations and boundary conditions describing the longitudinal shear loading when the temperature (T) is replaced by the displacement (w), and the average heat transfer rate ( q ) and the thermal conductivities ( k ) are replaced by the average shear stress (Y,.,) shear moduli ( G ), respectively. Thus, the numerical solutions obtained by Adams and Doner [4] for the shear loading problem may be applied directly to the present problem by simply replacing the composite stiffness with the composite thermal conductivity and the shear modulus ratio with the thermal conductivity ratio.
THERMAL MODEL
The solution of the equations given in the previous section requires Again, as in the case of elastic constants [3] Eq. (6) may be considered a lower bound for k. The above expression is independent of both the filament shape and its geometrical arrangement. These factors may be included in the analysis by considering the thermal model shown in Figure 3 . In this model it is assumed that the temperature difference is constant between x == -~-a and that the total heat flow per unit length along the filament, Q, through the surface x = -a may be divided into three independent parts, i.e. Q = Ql -~-Q2 -E-Q3. For this condition, and using the expression given for kzz previously (Eq. 5) we may write or The parameter s is the maximum dimension of the filament in the y direction and h is the width of the filament at any given y ( Figure 3 Figure 4 , indicates that the idealized thermal model gives a somewhat ( .~ 107c) lower thermal conductivity than the shear loading analogy, particularly at filament volume ratios above -75%.
Below filament volume ratios of about 60% the two methods agree within approximately 5% for cylindrical filaments.
In Figure 5 
